ABSTRACT Plasmopara viticola, a causal agent of grapevine downy mildew, is a widely distributed pathogen, which can cause destructive disease in field-grown grapevines. Although fungicides are used to treat the disease, fungicide-resistant strains have been emerging. In this study, we developed graphene oxide (GO)-Fe3O4 nanocomposites, which could effectively repress the germination of sporangia and inhibit the development of downy mildew. 50 μg mL −1 GO-Fe3O4 showed excellent protective and fungicidal activities. 250 μg mL −1 GO-Fe3O4 on grapevine leaves in the field could significantly decrease the severity of downy mildew, suggesting its potent curative effect. Moreover, GO-Fe3O4 had no significant toxic effects on grapevine plants even at the concentration twice that of the highest dosage (1000 μg mL −1 ) used in this study. Our work suggested that GO-Fe3O4 would offer an important opportunity to develop new approach for controlling plant diseases.
INTRODUCTION
Grapevine (Vitisvinifera) is one of the major fruit crops worldwide [1] . However, grapevine downy mildew, one of the most destructive diseases caused by Plasmopara viticola (P. viticola) [2] , can lead to significant reduction (by 20%-30%) of yield [3] [4] [5] . Disease management has been one of the major tasks for viticulture after the infection of the plant by downy mildew [6] . To effectively control the disease and avoid substantial yield loss, chemical fungicide is the optimal choice [4] . However, the intensive use of synthetic fungicides becomes more and more restricted due to their negative impacts on the environment and humans [7] . In addition, pesticide residues affect the natural yeast communities and aroma of wine, which are important factors in wine production [8, 9] . Thus, it is highly desirable to develop alternative strategies to reduce the use of conventional chemical inputs for the protection against diseases in vineyard.
Graphene possesses interesting physical and chemical properties, and has a wide range of technological applications in recent years [10] [11] [12] . In particular, great efforts have been devoted to exploring graphene oxide (GO) as novel antimicrobial agents with a severe cytotoxic effect on bacteria [13] [14] [15] [16] , fungi [17, 18] , and plant pathogens [19, 20] . GO and other graphite-based materials can inhibit the growth of gram-negative and gram-positive bacteria such as methicillin-resistant Staphylococcus aureus, Staphylococcus aureus and Escherichia coli [13, 14] . Our previous study demonstrated that GO had inhibitory effects against plant pathogenic fungi (Fusarium graminearum and Fusarium poae) and bacteria (Ralstonia solanacearum and Xanthomonas oryzae pv. Oryzae) [18, 19] . However, the excellent bactericidal activity of GO reported was dependent on its use at relatively high doses, which would raise the cost of production as well as causing potential pollution to the environment.
Recently, considerable progress has been made on the interaction between inorganic nanomaterials (NMs) and biomolecules (such as DNA, protein and amino acids), which provides an excellent platform for the application of inorganic NMs [21] [22] [23] [24] [25] [26] . Several inorganic NMs were used as antimicrobial agents for the protection of crops and animals from pathogen infection [27] [28] [29] [30] . Among them, iron oxide nanoparticles (NPs) are effective biocides against a variety of pathogens [31] . However, the agglomeration of bare iron oxide NPs resulted in the loss of active surface area and weakened its antibacterial activity. So researchers focused on enhancing the antibacterial activity of iron oxide. Recent reports demonstrated that the combination of GO with NPs (particularly metal oxide NPs) offered a number of unique physicochemical properties, which were highly desirable and markedly advantageous for bio-applications [32] . Therefore, integrating Fe3O4 NPs and GO into GO-Fe3O4 nanocomposites could be a promising solution to control plant diseases.
This study was aimed to investigate the apparent antifungal activity of GO-Fe3O4 nanocomposites against P. viticola, a kind of strictly biotrophic pathogenic fungi. The protective, fungicidal and curative activities of GO-Fe3O4 were evaluated in vivo. The antifungal activity of GO-Fe3O4 was compared with that of Fe3O4 or GO alone. Moreover, the phytotoxicity of GO-Fe3O4 in nature was also studied, which was a prerequisite for its application as antifungal agents in plant protection.
MATERIALS AND METHODS

Materials
All chemicals were analytical grade reagents, and were used as received without further purification. Graphite was purchased from Qingdao Tianhe Graphite Co. Ltd., with an average particle diameter of 4 mm (99.95% purity). Polyvinylpyrrolidone (PVP), 3-aminopropyltrimethoxysilane (APS) and 1-ethyl-3-(3-dimethyamino-propyl) carbodiimide (EDC) were purchased from Sigma-Aldrich Co. (USA). All other reagents were obtained from Tianjin No. 3 Chemical Plant.
Characterization
A transmission electron microscope (TEM, FEI, TECNAI-20) was used to characterize the size and morphology of GO, Fe3O4 and GO-Fe3O4. Particle size distributions were measured using a Zetasizer Nano ZS90 dynamic light scattering (DLS) system (Malvern, England). Its crystal structure was characterized by X-ray diffraction measurements (XRD, Bruker D8-ADVANCE, Cu Kα radiation, Germany).
Preparation of Fe3O4 NPs
Fe3O4 NPs were synthesized by a modified procedure as previously reported [33] . Briefly, 2 mmol FeSO4•7H2O and 1.0 g PVP were dissolved in 80 mL deionized (DI) water with magnetic stirring. The solution was then heated rapidly to 90°C, followed by the addition of 10 mL NaOH aqueous solution (1 mol L −1 ). After being stirred for 60 min, the solution was cooled to room temperature. The products were collected by centrifugation, and then washed thoroughly with water. After Fe3O4 was dried under vacuum at room temperature, 100 mg samples were sonicated for 40 min in 150 mL solution of DI water-ethanol (1:2, v/v). Then, the solution was stirred at 40°C for 8 h with the addition of 1 mL APS. Lastly, the obtained Fe3O4 was washed several times with water and ethanol, and then dried in vacuum overnight [34] .
Preparation of GO
The commercially available graphite powder was oxidized and exfoliated to GO following the method previously described by our group [18] .
Preparation of GO-Fe3O4 nanocomposites
According to the report of Li's group [34] , GO (80 mg) and Fe3O4 (20 mg) were dispersed in 100 mL ultrapure water. The mixture was ultrasonicated for 60 min, and then stirred at 80°C for 24 h after adding EDC (20 mg). The black product was washed thoroughly with DI water, and dried at 50°C in a vacuum oven.
Plant materials and growth conditions
Grapevine leaves of Cabernet Sauvignon cultivar were used to study the apparent antifungal effect of GO-Fe3O4 on downy mildew in laboratory. Grapevine plants (Vitisvinifera L. cv. Cabernet Sauvignon) were propagated from wood cuttings in a greenhouse. All tests were performed with fully expanded grapevine leaves from the fourth to sixth leaf positions from the shoot tip on foliar discs [4] .
An isolate of P. viticola was obtained from a natural field infection in a vineyard in Qinhuangdao region, China, and maintained on reinfected plants grown in a growth chamber at a temperature of 24 and 18°C (day and night, respectively) with a photoperiod of 16 h of light and at a relative humidity (RH) of 70 ± 10% [5] . Inoculum of P. viticola sporangia was prepared by washing the leaves bearing sporulating lesions with cold (5°C) distilled water and adjusted to a concentration of 1×10 5 sporangia mL −1 by counting with a haemocytometer [35] .
Protective effect of GO-Fe3O4 against P. viticola Leaves obtained from the same position on the shoot tip (fourth to sixth unfolded leaf) were surface-sterilized with 70% (v/v) ethanol, and subsequently rinsed with DI water [36] . Leaf discs of 0.9 cm diameter were punched from different acclimatized plants using a cork-borer and placed upside-down in Petri dishes containing suspensions of different concentrations of GO, Fe3O4, GO-Fe3O4 (without any surfactant). Controlled leaf discs were treated with distilled water. One day later, each disc was inoculated by spraying of a fresh sporangial suspension (1×10 5 sporangia mL −1 ) using a manual sprayer device. After that, they were incubated in a growth chamber at 20°C and 70% RH and under a 16 h light/8 h dark photo period till artificial inoculation. The experiments were repeated twice with four Petri dishes for each treatment batch and 24 leaf discs were used for each Petri dish [5] . Quantitative symptoms of infection such as disease incidence and disease index, were visually analyzed as independent parameters 7 d after inoculation. The disease incidence (the total percentage of leaves with symptoms in the total number of leaves) and disease severity (the percentage of the leaf disc area exhibiting symptoms of sporulation) were assessed as described by Boso and Kassemeyer [37] .
The control efficacy of GO, Fe3O4, GO-Fe3O4 was calculated using the following formula: 
Fungicidal effect of GO-Fe3O4 against P. viticola
The direct effect of GO-Fe3O4 on P. viticola sporangia germination in vitro was performed as previously described by Perazzoli [38] . In brief, 80 μL suspension of spores was mixed with 80 μL of GO, Fe3O4, GO-Fe3O4 in the tubes at its final concentration of 50, 100, 250 and 500 μg mL −1 , respectively. Control samples containing 80 μL suspensions of spores were mixed with 80 μL DI water. 30 μL mixture, containing different concentration of GO, Fe3O4, GO-Fe3O4, was transferred to a concave slide. After further incubating for 8 h in darkness at 20°C, the percentages of the germinated sporangia (emptied) were counted under a light microscope in four replicates (50 sporangia per treatment). Sporangia germination rate (%) was calculated as (the number of germinated sporangia)/(the total number of sporangia).
The curative effect of GO-Fe3O4 against P. viticola
To assess the curative activity of GO-Fe3O4 on grapevine plants, grapevine leaves naturally infected with the downy mildew pathogen, were sprayed with the solution of 250 μg mL −1 GO-Fe3O4. After treating with GO-Fe3O4 for three or seven days, the disease severity was assessed, and the control efficiency was calculated.
The phytotoxicity of GO-Fe3O4 on grapevine plants
To assess the phytotoxicity of GO-Fe3O4 on grapevine plants, acclimatized plants were sprayed with 1000 μg mL −1 GO-Fe3O4. After seven days, the phytotoxicity of GO-Fe3O4 were recorded.
RESULTS AND DISCUSSION
Characterization of GO-Fe3O4 nanocomposites
Typical XRD patterns of GO, Fe3O4, and GO-Fe3O4 are presented in Fig. S1 . GO shows a strong peak at 2θ = 10.3°, which is a feature diffraction peak of exfoliated GO [39] . According to the JCPDS file No. 65-3107, the diffraction peaks at 2θ = 30.1°, 35.6°, 43.2°, 53.8°, 57.5°and 62.9°, could be attributed to (220), (311), (400), (511), and (440) crystal planes of cubic Fe3O4 [33] . For GO-Fe3O4, the characteristic peaks of Fe3O4 are observed clearly. However, the characteristic diffraction peaks of GO become weakened or even disappeared in GO-Fe3O4 nanocomposites, because the regular stacks of GO were exfoliated during the ultrasonic treatment, which correlates well with the previous studies [40, 41] .
Raman spectroscopy is a powerful tool for the characterization of carbon NMs, which can provide the information about the structural changes [32] . The main features in the Raman spectra of graphene-like materials were their G and D bands (1583 and 1340 cm −1 ), and the intensity ratio of D and G band (ID/IG) was assigned to its lower defects/disorders. As shown in Fig. S2 , the ID/IG of GO-Fe3O4 increases to 1.06 compared with that of GO (0.99), indicating the presence of localized sp 3 defects within sp 2 carbon network. Moreover, it is clear that G band of GO-Fe3O4 appears at 1591 cm −1 , which is down shifted by 8 cm −1 . The Raman shift of G band for GO-Fe3O4 provides a strong evidence about the strong interaction between GO and Fe3O4. Furthermore, D band of GO-Fe3O4 becomes lower and broader with respect to pristine GO, suggesting the increase of its disorder [42, 43] .
The morphologies of Fe3O4, GO and GO-Fe3O4 were characterized using TEM. Fig. 1a shows the TEM image of pure Fe3O4 NPs, which possess an arrow particle size distribution ranging from 30 to 36 nm. The GO sheets were thin, transparent and smooth with small wrinkles (Fig. 1b) . It is shown in Fig. 1c that a large amount of Fe3O4 NPs are anchored onto the surfaces of GO substrates. The interaction between GO and Fe3O4 NPs is resulted from their surface properties. There are lots of carboxylic acid groups on the surface of GO that obtained by oxidization and exfoliation from graphite powder [18] . The Fe3O4 NPs were modified by APS to introduce amino groups on their surface [40] . So the conjugation reactions occurred between the amino group of Fe3O4 and the carboxylic group of GO in the presence of cross-linker EDC. The dispersity of Fe3O4, GO and GO-Fe3O4 was further confirmed by DLS. Fig. 1d shows that Fe3O4 formed large aggregates in water. However, the effective diameters of GO-Fe3O4 were smaller than those of GO and Fe3O4. This result shows that the dispersity of Fe3O4 was better after being immobilized onto GO sheets. The magnetic manipulation of Fe3O4 and GO-Fe3O4 were tested (Fig. 1g, h ). When Fe3O4 and GO-Fe3O4 dispersed in water were placed in an external magnetic field, the efficient magnetic separation was observed within several minutes. After removing the magnet, GO-Fe3O4 could be uniformly re-dispersed in water and form a stable suspension. We also observed that Fe3O4 could not be dispersed in water, but GO and GO-Fe3O4 could be dispersed to form a homogeneous black solution, which was stable after seven days (Fig. 1j, k) . Such good dispersity of GO-Fe3O4 in aqueous media compared with that of Fe3O4 NPs alone, is serviceable as the antifungal agents in plant protection.
Protective activity of GO-Fe3O4 against P. viticola Vitisvinifera L. cv. Cabernet Sauvignon leaf discs were pretreated with Fe3O4, GO and GO-Fe3O4 at different concentrations for one day, and then inoculated with a P. viticola sporangium suspension. White sporulation symptoms of P. viticola could be observed by naked eyes at 5 days post-inoculation (dpi). 83.2% of the leaf discs were covered with P. viticola sporulation symptoms in water-treated samples (Fig. 2a) . In contrast, for samples pretreated with bare Fe3O4 and GO, the percentage of disease incidence varied from 54.68% to 13.89% and 44.89% to 12.22%, respectively. Particularly, after treated by GO-Fe3O4, the percentage of disease incidence varied from 25.56% to 8.89%. These data showed that the downy mildew development was significantly inhibited by Fe3O4, GO and GO-Fe3O4 in a dose-dependent manner. Fig. 2b shows the effects of Fe3O4, GO and GO-Fe3O4 on the disease severity of P. viticola. The percentage of leaf area (abaxial surfaces) covered by sporangiophores and sporangia was found to be significantly decreased after being treated with Fe3O4, GO and GO-Fe3O4. In water-treated leaf discs, 46.7% of the area was covered by P. viticola sporulation. In samples pretreated with Fe3O4 and GO, the area covered by P. viticola sporulation was reduced to 38.45%-24.02%, and 34.91%-13.89%, respectively. Particularly, the disease severity significantly dec- reased to 12.47%-8.77% after treated by GO-Fe3O4. These data show that Fe3O4, GO and GO-Fe3O4 treatments could significantly inhibit downy mildew development. Finally, the control efficacy of GO, Fe3O4 and GO-Fe3O4 on grape downy mildew development was compared on leaf discs. As shown in Fig. 2c , GO, Fe3O4, and GO-Fe3O4 are highly effective in suppressing downy mildew development. The control efficacy of GO nanosheets and Fe3O4 NPs was 17.62%, and 32.15% at the concentration of 50 μg mL −1 , respectively. When the concentration increased to 500 μg mL −1 , the control efficacy increased to 59.15% and 70.24%, respectively. However, GO-Fe3O4 had the highest efficacy in inhibiting fungal growth. Even at the lowest concentration (50 μg mL −1 ), GO-Fe3O4 could control >73.6% of P. viticola. To achieve similar control efficacy, the dosage of GO should be 500 μg mL −1 , which is 10 times that of GO-Fe3O4. These results clearly indicated that GO-Fe3O4 even at a very low concentration was more effective than GO and Fe3O4 in protecting the plant against downy mildew. In actual production, pathogen invasion of the plants could be prevented by spraying GO-Fe3O4 on the surface of plants before pathogen infection. Fig. 2d-g show the corresponding photomicrograph of leaf discs after treating with 250 μg mL −1 Fe3O4, GO, or GO-Fe3O4, which visually confirms that Fe3O4 (Fig. 2e) , GO (Fig. 2f) and GO-Fe3O4 (Fig. 2g) could effectively restrain the percentage of leaves with symptoms. Especially, for GO-Fe3O4 treatment, a very limited number and area of leaf discs were found to exhibit symptoms of sporulation.
Inhibitory activity of GO-Fe3O4 on germination of sporangia
With favorable weather, sporangia would attach to the host surface, and release zoospores that establish new secondary infections. However, if the germination of sporangia is inhibited or stopped, the zoospores cannot be released and initiate the new infection cycle [44] . Therefore, it is necessary to investigate the inhibitory effects of these materials on the germination of sporangia. The bare Fe3O4 NPs at the concentrations of 50, 100, 250 and 500 μg mL −1 could inhibit the germination of sporangia (Fig. 3) . The germination rate of sporangia was merely more than 46.6% at the highest concentration. Bare GO showed a stronger antifungal activity than bare Fe3O4. At the highest concentration of GO, the germination rate of sporangia was 22.8%. GO-Fe3O4 showed a higher efficacy in inhibiting the germination of sporangia. Even at the lowest concentration (50 μg mL −1 ), GO-Fe3O4 could inhibit >81.25% of sporangium germination. These results showed that GO-Fe3O4 had the strongest activity in inhibiting the germination of sporangia. Fig. 4 displays the representative microscopic images of sporangium germination after being treated with GO, Fe3O4 and GO-Fe3O4. The germinated sporangia were empty because the zoospores had been released (Fig.  4a) . However, in the sporangia treated by GO, Fe3O4 and GO-Fe3O4, the sporangia were full of zoospores. Especially, for those treated by GO-Fe3O4, nearly 85% of the sporangia were ungerminated, confirming that GO-Fe3O4 could effectively restrain the sporangium germination of P. vticola. Such inhibitory effect on sporangium germination indicated its direct toxic effect against the pathogen [5] .
Our previous work showed that GO could significantly inhibit the spore germination of F. graminearum and F. poae [18, 19] . Water channel blockage of the spore caused by surface-adsorbed GO could be one main factor for the inhibition of spore germination [18] . In the present study, the same phenomenon was observed in the sporangia treated by GO, Fe3O4 and GO-Fe3O4. As shown in Fig. 4 , a few clusters of GO, Fe3O4 and GO-Fe3O4 could interact with sporangia. Therefore, we also believe that water channel blockage of the sporangia caused by surface-adsorbed NMs plays an important role in the inhibition of sporangium germination. 
Curative activity of GO-Fe3O4 against downy mildew
After the leaves were infected by downy mildew, the application of GO, Fe3O4, and GO-Fe3O4 at 250 μg mL −1 on grape leaves under field conditions significantly decreased the severity of downy mildew disease as compared with the control experiment. As shown in Fig. 5 , the disease severity of the control was 2.4% at the beginning of the experiment. Seven days later, the disease severity was 35.28%. The disease severity before the treatment with Fe3O4, GO and GO-Fe3O4 was 2.86%, 2.67% and 1.83%, respectively. After seven days treatment, the disease severity of leaves was increased to 32.43%, 17.37% and 12.42%, respectively. The control efficacy of Fe3O4, GO and GO-Fe3O4 was 36.65%, 51.24% and 65.08%, respectively. These results show that more effective and durable inhibitory activity towards downy mildew was observed at three and seven days after treated with GO, Fe3O4 and GO-Fe3O4 (Fig. 6) . After seven days, the control efficacy of GO-Fe3O4 was still more than 65%, which was much higher than those of GO and Fe3O4. Fig. 6 shows the corresponding photograph of severity of downy mildew treated by 250 μg mL −1 GO, Fe3O4 and GO-Fe3O4. It was visually confirms that GO, Fe3O4, GO-Fe3O4 could effectively inhibit the development of downy mildew. Especially, GO-Fe3O4 could remarkably decrease the infection of downy mildew. The curative activity of GO-Fe3O4 was obviously related to their inhibition of sporangium germination. Sporangium germination was first inhibited, and then the spores could not be released and germinate to form hyphae, thereby resulting in inhibited development of downy mildew.
The above results indicate that GO-Fe3O4 displayed higher protective, fungicidal and curative activity than bare Fe3O4 and GO. We thus proposed that GO-Fe3O4 had the synergistic effect between Fe3O4 and GO. It is believed that that the dispersity of materials should strongly influence their interaction with leaf or sporangia. GO-Fe3O4 with a higher dispersity was more protective to leaf and could better inhibit the germination of sporangia than Fe3O4 with a lower dispersity, which had more opportunities to interact with the leaf or sporangia. Similar phenomena had been previously observed on other NMs. For instance, GO could form stable dispersions, and therefore showed higher toxicity to various bacterial cells and fungi than reduced GO (rGO) aggregates [14, 18, 20] . Functioned carbon nanotubes (CNTs) displayed stronger toxicity compared with as-synthesized CNT aggregates [45] . Moreover, the differences in the dispersity of GO, Fe3O4 and GO-Fe3O4 would be responsible for their different stabilities and adsorption properties on leaves. It could also be seen from Fig. 6f -h that after spraying, GO and GO-Fe3O4 could adsorb on both the abaxial and adaxial surfaces of leaves, whereas no Fe3O4 was observed on both sides of grape leaves. Furthermore, smaller and more droplets were uniformly dispersed on GO-Fe3O4 treated leaves compared with on those GO-treated leaves. This was likely due to that the lower the dispersity was (e.g., Fe3O4), the larger droplets were formed when spraying, and then the easier it fell off. The higher the dispersity was, the smaller and more droplets there would be, and the better and stronger the stability and adsorption would be, thus resulting in more effectiveness in controlling the infection of downy mildew. Therefore, GO-Fe3O4 had the highest curative activity, followed by GO and Fe3O4.
One of the key outcomes of the study was the potent antifungal effects of GO-Fe3O4 at a very low concentration. At the concentration of 50 μg mL −1 , GO-Fe3O4 showed excellent protective and fungicidal ability. However, the curative activity of GO-Fe3O4 was lower than chemical fungicides (in general, the control efficacy of chemical fungicides was more than 70%). This phenomenon should be attributed to the additives in the pesticide formulations, which improve the ability of the pesticide to penetrate, target or protect the target organisms. Therefore, chemical fungicides appeared to be more effective in plant protection. The formulation of GO-Fe3O4 as active ingredients was needed in plant protection. In China, a large amount of synthetic chemical fungicides are applied annually on grapes. GO-Fe3O4 could be one of the most promising alternative strategies for managing grapevine downy mildew.
Interestingly, our results showed that the protective, fungicidal and curative activities of GO-Fe3O4 could be regulated in a time-dependent manner before or after infection of plants by downy mildew. We applied GO-Fe3O4 at least one day before pathogen inoculation, and GO-Fe3O4 showed excellent protective activity. However, after many hours of direct contact with the sporangia, GO-Fe3O4 inhibited the germination of spores, suggesting their strong and direct fungicidal activity. After the infection by downy mildew, GO-Fe3O4 on grape leaves significantly reduced the severity of downy mildew, suggesting their excellent curative activity. In real production, GO-Fe3O4 could be applied according to the actual progression of downy mildew. For example, in Qinhuangdao area, grape downy mildew usually occurred in late July. Thus, the leaves could be pre-treated by GO-Fe3O4 to protect plants from the attack of P. viticola. However, once downy mildew occurred, leaves could be treated directly by GO-Fe3O4 for controlling the development of the disease.
Phytotoxicity of GO-Fe3O4 on plants
In order to determine the phytotoxicity of Fe3O4, GO and GO-Fe3O4, the leaves of plants were treated with 1000 μg mL −1 for seven days in the vineyard. As shown in Fig.  7 , the treated plant leaves did not exhibit cell death or any abnormalities. Additionally, it was difficult for GO to translocate between different tissues in plants [46] . Similarly, GO-Fe3O4 desorbed on the leaves was also difficult to be translocated to other parts of the plant, which could decrease the potential risk to the environment and human health. These results suggested its potential commercial-ization in the management of fungal diseases in vegetable and other crops worldwide.
CONCLUSION
In conclusion, our study showed the potent antifungal activity of GO-Fe3O4 towards P. vticola, a model plant pathogenic fungus, and their protective, fungicidal and curative activities. Optimal protective and fungicidal activities could be achieved with 50 μg mL −1 GO-Fe3O4. GO-Fe3O4 at 250 μg mL −1 could significantly depress the disease severity of downy mildew. High dosage of GO-Fe3O4 (1000 μg mL −1 ) had no phytotoxic effect on plant leaves. The detailed molecular mechanisms of the activities of GO-Fe3O4 to- wards P. vticola will be investigated in our future work. The safe application of GO-Fe3O4 at low concentrations would readily facilitate the environment-friendly disease management in vineyards.
